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Abnormal Cord Insertion of the Placenta
The umbilical cord normally inserts into the central
portion of the placenta, well away from the placental
edge. Velamentous cord insertion (VCI) is an abnormal
cord insertion (CI) in which the umbilical vessels diverge
as they traverse between the amnion and chorion before
reaching the placenta. Marginal CI is an abnormal CI
in which the umbilical cord inserts into the placental
edge. The rate of VCI ranges from 0.5% to 1.69% in
singleton pregnancies, and the prevalence of VCI is 10-
fold higher in multiple pregnancies than in singleton
pregnancies [1,2]. It has been reported that abnormal
CI is associated with fetal growth restriction, preterm
labor, abnormal intrapartum fetal heart rate pattern,
low Apgar scores at 1 and 5 minutes, neonatal death
[1,2], and abruption of the placenta [3–6]. Especially, in
cases which has the CI site on the lower uterine segment,
VCI is strongly associated with variable decelerations
(VDs), non-reassuring fetal status, emergent cesarean
sections, and other perinatal complications [6]. Some
vascular and placental structural abnormalities com-
plicated with lower VCI may be associated with exten-
sion of the lower uterine segment and atrophy of the
chorion villosum that covers the lower segment of the
uterus [6].
Abnormal fetal heart rate patterns and some peri-
natal complications are caused by lack of Wharton’s
jelly, which results in compression of vessels of VCI
during uterine contraction or fetal movement. Aberrant
vessels in lower VCI tended to be longer than those in
middle and upper VCI [6,7]. It seems that the longer
aberrant vessels are readily compressed by the fetal
head in the lower uterine segment, which results in an
abnormal fetal heart rate pattern and intrapartum
complications during labor.
Vasa previa is a form of VCI in which the velamentous
vessels traverse the fetal membranes on or near the
internal os. The incidence of vasa previa is estimated
to be about 1 in 1,200–5,000 pregnancies [8–11]. Vasa
previa has unsupported fetal vessels below the fetal
presenting part, so these fetal vessels are easily com-
pressed or ruptured when uterine contractions or mem-
brane rupture occurs, resulting in fetal exsanguination.
Intrapartum clinical diagnosis is rarely made and the
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diagnosis is very difficult [12]. Oyelese et al [13] per-
formed a multicenter study of 155 pregnancies com-
plicated by vasa previa. Between 1991 and 2003, 61 of
155 cases were prenatally diagnosed by ultrasonography/
color Doppler, and the infant survival rate was 97%
(59/61). In the cases not prenatally diagnosed, the sur-
vival rate was 44% (41/94). Furthermore, multivariable
logistic regression analysis revealed that the significant
predictors of neonatal survival were prenatal diagnosis
and gestational age at delivery. The high fetal mortal-
ity due to vasa previa can be reduced by antenatal
diagnosis and elective cesarean section [10,12–14].
Abnormal placentation and situations sometimes
lead to be risk factor of vasa previa and VCI [15]. Previous
studies have reported that the risk factors for vasa previa
include the ultrasound diagnosis of low-lying placenta
or placenta previa at earlier gestation [9,11,16,17], a
bilobed or succenturiate placenta [9,11,16,17], multiple
gestation [17], suspicion of aberrant vessels [17], VCI
[17,18], CI into lower uterine segment [19], and an in
vitro fertilization pregnancy [13,15].
Ultrasound Diagnosis of the Abnormal CI
As visualization of the placental CI site becomes more
difficult with advancing gestation, the placental CI site
should be evaluated in the mid-trimester [10,14,20].
Our criteria for ultrasound diagnosis of VCI are: (1)
umbilical vessels enter the placenta margin parallel to
the uterine wall and connect to superficial placental
vessels; (2) the CI is immobile, even when the uterus is
shaken; and (3) the umbilical vessels diverge as they tra-
verse the membrane. In fact, the CI site was determined
less frequently in the cases of marginal CI and VCI than
in the normal CI in our previous study [6]. Existence of an
abnormal CI should be strongly suspected when it is
difficult to image the CI site (decreased sensitivity); thus,
a more precise scan (scanning in different body positions
and using color Doppler) is indicated in such cases.
Additional transvaginal color Doppler sonography
of the cervical region has been recommended to detect
vasa previa and lower VCI during the third trimester for
women with the aforementioned increased risk [13,16].
In cases in which CI was noted to be in the lower
uterine segment during the first trimester, such devel-
opmental abnormalities of the placenta and the umbil-
ical cord occurred frequently as low-lying placentas,
infarction of placentas, abruption of placentas, VCI,
and marginal CI [21]. Thus, it may be useful to perform
the systematic identification of CI on the lower uterine
segment during the first trimester for identification 
of high-risk pregnancies. In low CI cases, reevaluation
during the second and third trimester by using color
Doppler ultrasonography is recommended.
Hypercoiled Cord
Although the umbilical cords and their blood vessels
are necessary for the survival of the fetus, umbilical
blood vessels are so vulnerable to kinking, compression,
traction and torsion. A coiled umbilical cord with the
support of Wharton’s jelly is thought to be more resistant
to torsion, stretch, and compression [22]. However,
several studies have addressed that hypercoiled cords
(HCCs) are correlated with poor perinatal outcome such
as low birth weight and meconium staining of amniotic
fluid at birth, and fetal growth restriction [23–28].
Previous studies suggest that extremely coiled umbilical
vessels are less flexible or more prone to kinking and
torsion during labor, leading to fetal hypoxia [26,27].
Unfortunately, the cause of umbilical vascular coiling is
unknown. Hypotheses include fetal movement, active
or passive torsion of the embryo, differential umbilical
vascular growth rates, fetal hemodynamic forces, and
the arrangement of muscular fibers in the umbilical
wall [23,29]. The umbilical coiling index (UCI) is cal-
culated by dividing the total number of coils by the
length of the cord in centimeters after delivery. HCC 
is defined in cases of umbilical coiling index ≥ 0.3
coils/cm [27].
Ultrasound Diagnosis of the HCC
The UCI was antenatally calculated by measuring the
distance between two adjacent coils of umbilical artery
from the right outer surface of the vascular wall to its
next twist (antenatal UCI = 1/distance in centimeters) 
as proposed by Degani et al [22]. It is known that
antenatal UCI is higher than the postnatal UCI (0.44 ±
0.11 vs. 0.28 ± 0.08; p < 0.001) [22]. It has also been
reported that values of antenatal UCI in the second
trimester were 0.602, 0.403 and 0.204 in 90th percentile,
mean and 10th percentile, respectively [24]. We usually
diagnose a case as HCC when antenatal UCI is above
0.6. However, only a few fetuses whose umbilical cord
was antenatally diagnosed as HCC would be com-
promised during pregnancy and even delivery. It is 
necessary to actually pick up high-risk cases of HCC
among them.
There have been some reports of HCC associated
with umbilical blood flow. Predanic et al [30] noted
that increased umbilical coiling was associated strongly
with increased umbilical vein blood flow (lower resistance
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index value). On the other hand, HCC is associated
with a pulsate pattern of the umbilical venous flow
velocity waveforms similar to those seen in abnormalities
of the fetal central venous flow, secondary to severe
circulatory compromise [31,32]. However, there are no
predictable methods of non-reassuring fetal status or
intrauterine fetal death.
From clinical data of our department, umbilical
cord abnormalities accounted for 45% of causes of
intrauterine fetal death [33]. Among these cases with
cord abnormalities, HCCs were observed in more than
50%. We frequently observe narrow and weak cords
near the fetal side in intrauterine fetal death cases with
HCC. It is supposed that the cord of fetal side is weakest
in the whole umbilical cord, and that this state of severe
HCC is associated with sudden fetal death. Skulstad et al
[34–36] evaluated prenatally umbilical venous velocities
and umbilical ring constrictions. They demonstrated
that blood velocity was higher in the umbilical vein at
abdominal wall than the cord and concluded that mea-
surement of vessel diameters at the umbilical ring was
too small to be valid, but the measurement of the high
blood velocity or the increase in velocity was a better
marker for vascular constriction at the umbilical ring
than the direct diameter measurement.
For better management of HCC, it is recommended
to diagnose coiling index in mid-gestation and to follow
up the case using various Doppler measurements of
fetal and umbilical blood flow.
Nuchal Cord
Nuchal cord (NC) is most frequently seen among
umbilical cord abnormalities. The prevalence has been
reported to be 15–24% at delivery [37,38]. In a large
population study (166,318 deliveries) by Sheiner et al
[37], NC was not associated with adverse perinatal
outcome. Ogueh et al [38] investigated 57,853 deliveries
and reported that NC was associated with induction
of labor, slow progress of labor, and shoulder dystocia.
Several studies were conflicting in the incidence of cesar-
ean section due to presence of NC [39–42]. On the other
hand, Larson et al [39] observed that the pregnancy
outcomes in cases of multiple NC entanglement, com-
pared with a single or absent cord entanglement, were
more likely to exhibit an abnormal fetal heart rate 
pattern during advanced labor, to require low- or mid-
forceps application, and to have meconium, a low 1-
minute Apgar score and an umbilical artery pH ≤ 7.10.
Although the management of multiple NC is arguable,
single NC does not seem to influence the clinical 
management.
Ultrasound Diagnosis of NC
NCs are usually visualized ultrasonically as dimples with
umbilical cords at the neck of the fetus on sagittal
view. They should be identified by presence of the cord
in the transverse and sagittal planes of the neck and
lying around at least three of the four sides of the neck.
Although there appears to be a linear increase over
gestation in the presence of both single and multiple
loops [43–45], NC keeps appearing and disappearing
over time [45]. The difficulty encountered in visualizing
the NC at term and prior to induction of labor may be
due to fetal crowding, low position of the fetal head 
or reduced amniotic fluid volume [42]. Generally, the
sensitivity of diagnosis is higher with color Doppler
imaging, and it may have a particular advantage in the
presence of ruptured membranes [42].
Fetal Heart Rate Patterns in Cases with
Umbilical Cord Abnormalities
VDs are most frequently observed as a type of periodic
change in fetal heart rate monitoring and are likely
caused by cord occlusion. Cord occlusion, either partial
or complete, can cause both increases in afterload and
decreases in fetal arterial oxygen content, both of which
will result in an activated vagal reflex causing bradycar-
dia [46]. We reported that in the first stage of labor,
frequencies of VDs were 34.5% ± 23.8%, 27.3% ± 25.5%
and 20.2% ± 22.8% in cases with VCIs, HCCs and NCs,
respectively. These were significantly higher than in con-
trols (11.7%±17.3%; p <0.0001) [47]. We also reported
that the frequencies of VDs were high in the first stage
of labor in the presence of cord abnormalities, although
frequencies of VDs were not different from controls in
the second stage of labor. This finding suggests that
even in cases without cord abnormality, VDs occur fre-
quently in the second stage, which is because of not
only cord compression but also significant head com-
pression. Head compression causes a vagal discharge
due to dural stimulation resulting in bradycardia which
can be diagnosed as VD [46].
Atypical VD was reported by Krebs et al [48] in 1983
as prognostically unfavorable with features indicative
of fetal hypoxia, including slow return of the fetal heart
rate to the baseline, loss of variability during the decel-
eration, loss of initial and/or secondary accelerations,
persistence of secondary acceleration (overshoot), con-
tinuation of the fetal heart rate at a lower level, and
biphasic deceleration. In our study, atypical VDs fre-
quently occurred in cases with VCI, HCC and NC in the
first stage of labor, although frequencies of both atypical
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and typical VDs were not different compared with con-
trols in the second stage of labor [49]. Moreover, in NC
cases, a mixed VD pattern (typical and atypical) was
observed from the first stage of labor onward [49].
Atypical VD in the first stage of labor may be char-
acteristic fetal heart rate pattern for VCI and HCC.
Appearance of recurrent atypical VDs during labor at
the first stage in cases with antepartum information of
these umbilical cord abnormalities could be a foresight
of unfavorable fetal status. Among atypical VDs, fre-
quency of loss of initial and/or secondary accelerations
(VD with no acceleration [VDna]) was significantly
higher than the control in our same study [49]. Lee et al
[50] suggested that variation in typical VD is caused 
by different degrees of partial cord compression. As a
specific state, the cause of frequent VDs in VCI cases is
the compression of aberrant vessels and that the blood
flows of both arteries and veins would be obstructed
at the same time by the uterine contraction. In cases of
HCC, umbilical cords are less flexible or more prone to
kinking and torsion [26,27], and narrow and weak
cords near the fetal side can tend to obstruct the flows
of umbilical vessels at the same time. Thus, VD without
baroreceptor-mediated acceleration (VDna) might to
be a characteristic fetal heart rate pattern in VCI and
HCC cases [7,49].
In cases of VCI and vasa previa, frequent fetal heart
rate monitoring in the late third trimester is required.
Patients should be educated regarding signs and symp-
toms of preterm labor. Oyelese et al [13] recommended
that women with prenatally diagnosed vasa previa be
offered elective delivery by cesarean section at about
35 weeks of gestation or earlier if fetal lung maturity 
is documented. As for VCI, we recommend elective
cesarean section in cases with lower VCI, because we
consider that lower VCI is analogous to vasa previa
and has very high rate of non-reassuring fetal status.
Alternatively, other VCI cases can be offered attempted
vaginal delivery with the backup of emergent cesarean
delivery. During labor, VD, especially VDna, should be
considered a warning sign of abrupt fetal compromise.
Conclusion
Antenatal ultrasound diagnosis of umbilical cord ab-
normalities may be helpful in picking up cases in which
strict fetal monitoring is warranted antenatally as well
as during labor. This information could then be used
to triage patients to either high-risk or low-risk cases
and could alert the physician to the increased risk of
non-reassuring fetal status. In cases with cord abnor-
malities, especially VCIs and HCCs, intensive monitoring
and preparation for cesarean delivery are indicated.
We do believe that the neonatal outcome must be
improved by these precise managements.
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